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SUMMARY 
 
Amphibians face an extinction crisis. Hundreds of species may be lost as conservation scientists and 
practitioners struggle to identify remedies to poorly understood declines spanning several decades. Due 
to various life history characteristics and a range of drivers, amphibians continue to be especially hard-
hit, more so than any other vertebrate group. In this special issue of Conservation Evidence, studies that 
report the effectiveness of amphibian conservation interventions are presented to add to the rapidly 
growing body of literature on this topic. We here summarise the current understanding of global 
amphibian declines to highlight the importance of applying evidence-based strategies to amphibian 
conservation.  
 
 
Amphibian declines 
Declines have affected an estimated 43% of amphibian 
species (Stuart et al. 2004) and have been accelerating globally 
for several decades (Blaustein & Wake 1990, Houlahan et al. 
2000, Mendelson et al. 2006). Amphibians are particularly 
vulnerable due to the narrow habitat preferences and small 
distributions of many species (Wake & Vredenburg 2008). 
Thirty percent of species are currently known to be threatened 
with extinction (assessed as Critically Endangered, Endangered, 
or Vulnerable; IUCN 2014). This could rise to over 40% if Data 
Deficient species are threatened in the same proportion as data 
sufficient species (Hoffmann et al. 2010), and higher still given 
that Data Deficient species are more likely to be threatened than 
those that are data sufficient (Bland et al. 2014). Additionally, 
around 3,500 amphibian species remain to be described (Giam 
et al. 2012), more than tripling the pool of species of unknown 
extinction risk. Amphibians are thought to be the most 
imperilled vertebrates (Hoffmann et al. 2010). The current 
amphibian extinction rate has been estimated to exceed the 
background rate by least four orders of magnitude (McCallum 
2007, Alroy 2015). Counteracting amphibian declines presents 
monumental challenges to conservation scientists and 
practitioners around the world (Catenazzi 2015). 
 
Why are amphibians declining? 
Amphibian declines have been attributed to a range of 
threats. Furthermore, synergies between multiple drivers of 
extinction are predicted to accelerate the rate of these declines 
in the future (Sodhi et al. 2008, Hof et al. 2011). Key stressors 
include: 
 Habitat destruction and fragmentation. Regions of the 
Earth supporting the richest assemblages of amphibians are 
currently undergoing the highest rates of landscape modification 
(Gallant et al. 2007), making habitat destruction the leading 
cause of declines (Gardner et al. 2007). Many species depend on 
more than one terrestrial habitat and migrate to aquatic habitats 
for seasonal breeding, so changes compromising any of these 
habitats can disrupt a species' life cycle (Bishop et al. 2012). 
 Pollution. The sensitivity of many amphibian species to 
environmental toxins may in part be attributed to their 
permeable skin and frequent reliance on aquatic systems 
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(Bishop et al. 2012). Amphibians are affected by a range of 
chemical contaminants, including heavy metals (Bergeron et al. 
2010), fungicides (McMahon et al. 2012), herbicides (Hayes et 
al. 2002), insecticides (Rohr & Crumrine 2005) and fertilisers 
(Rouse et al. 1999). However, little is known about the impact 
of most common chemical pollutants on amphibians, and this 
remains a poorly understood threat (Boone et al. 2007). 
 Invasive and other problematic species, including 
disease. Invasive species, such as introduced predatory fish, can 
have severe repercussions for aquatic communities (Adams 
1999). The impact of disease has been of burgeoning concern 
since it was conclusively linked to many unexplained declines 
(Daszak et al. 1999, 2000). Ranaviruses cause mass mortality in 
multiple amphibian hosts (Gray et al. 2009), and the pathogenic 
fungi Batrachochytrium dendrobatidis and B. 
salamandrivorans can induce chytridiomycosis in susceptible 
species. This disease has been implicated in the declines of over 
200 frog, toad and salamander species since the 1990s (Lips et 
al. 2006, Fisher et al. 2009b, Kilpatrick et al. 2010, Martel et al. 
2013), as well as several species extinctions (e.g. Schloegel et 
al. 2006, Vredenburg et al. 2010). 
 Climate change. Amphibians are likely to be especially 
sensitive to continuing climate change (Araújo et al. 2006, 
Lawler et al. 2010). Many species possess physiological 
constraints to persistence in warmer and drier climate regimes 
(Blaustein et al. 1994). Freshwater ecosystems constitute a key 
component of most amphibian habitats, and are among the 
ecological systems most at risk (IPCC 2007). Dry, open areas 
created by droughts can present barriers to migration, further 
fragmenting amphibian habitat (Dodd & Smith 2003). Climate 
change may also worsen the impact of disease (Pounds et al. 
2006, Bosch et al. 2007, Rohr et al. 2008) and environmental 
contamination (Blaustein et al. 2010). 
 Exploitation. Hundreds of amphibian species are 
harvested for subsistence and national/international trade for 
food, traditional medicines, and the international pet trade 
(Carpenter et al. 2007, Rowley et al. 2010). Amphibian farming 
can exacerbate disease risks to wild populations through 
untreated effluent water (e.g. Cunningham et al. 2015).  
 
Global responses to amphibian declines 
Growing concern over the extent and severity of global 
amphibian declines prompted the International Union for 
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Conservation of Nature (IUCN) Global Amphibian Assessment 
(GAA), which gathered data on all 6,000 described amphibian 
species relating to distribution, abundance, population trends, 
habitat associations, threats, and conservation actions, and 
classified species by extinction risk (Stuart et al. 2004). The 
GAA was followed up in 2005 by the International Amphibian 
Conservation Summit (Moore & Church 2008). This led to the 
establishment of the IUCN Species Survival Commission 
Amphibian Specialist Group, and publication of the Amphibian 
Conservation Action Plan (ACAP) (Gascon et al. 2007), which 
has recently been updated (ASG 2015). Given the magnitude of 
threats that could not be mitigated in the short-term, the ACAP 
recommended the establishment of captive assurance colonies 
for species most at risk (Mendelson et al. 2007). The Amphibian 
Ark was formed in 2006 to unite the ex situ conservation 
community and implement the captive programme components 
of the ACAP. ACAP also laid the foundations for an umbrella 
organisation, the Amphibian Survival Alliance (ASA), which 
was established in 2011 to coordinate and facilitate global 
amphibian conservation programmes, whilst garnering and 
administering necessary funds (Mendelson et al. 2006). 
Together these initiatives offer a framework and support 
network for coordinated global amphibian conservation.  
 
Why are amphibians important? 
The value of amphibians to humans is not widely perceived, 
despite presenting many compelling reasons for their 
conservation: 
 Human medicine. Amphibian skin secretions contain 
novel analgesic, wound-healing, and antimicrobial properties 
(active against bacteria, viruses, protozoa and fungi), and 
substances that may treat cancerous tumours, arrhythmia, 
diabetes, and immunosuppression (Gomes et al. 2007). 
Additionally, amphibians are used as model organisms in 
laboratory research, with prominent roles in our understanding 
of the physiology of musculoskeletal, cardiovascular, renal, 
respiratory, endocrine, reproductive, and sensory systems, 
including work that has resulted in several Nobel prizes 
(Burggren & Warburton 2007). 
 Ecosystem services. Amphibians have diverse and 
significant roles in ecosystem services, from soil bioturbation 
and nutrient cycling to pest control and ecosystem engineering 
(Hocking & Babbitt 2014). Evidence suggests that the loss of 
amphibians from stream ecosystems can alter primary 
production, algal community structure, faunal food chains (from 
aquatic insects up to riparian predators), and reduce energy 
transfers between aquatic and terrestrial systems (Whiles et al. 
2006). 
 Indicator species. Amphibians have frequently been 
cited as effective "bioindicators" of global environmental 
change due to their permeable skin, potentially high rates of 
contaminant bioaccumulation, climate-sensitive breeding 
cycles, and the fact that many species are reliant upon both 
terrestrial and aquatic habitats during their life cycle (Dunson et 
al. 1992, Hopkins 2007). However, the reliability of amphibians 
as definitive bioindicators remains under investigation, and 
carefully chosen species are probably best employed as part of 
a context-dependent suite of indicators (Sewell & Griffiths 
2009, Kerby et al. 2010). 
 Human nutrition. As a food source, the global 
consumption of amphibians is widespread, with thousands of 
tonnes of frogs being traded internationally each year 
(Warkentin et al. 2009). France and the USA currently import 
the largest amount of frogs, from Asia (mostly Indonesia) and 
South America (Ecuador and Brazil) respectively (Warkentin et 
al. 2009).  
 Culture. Amphibians have played rich and varied roles 
in culture, from ancient folklore to the modern day (Lazarus & 
Attila 1993, Hocking & Babbitt 2014). Our world would be a 
lesser place without them. 
 
The role of conservation evidence 
Conservation actions must become more effective if we are 
to arrest and reverse species declines. Conservation biology can 
walk a fine line between maintaining scientific objectivity 
(Lackey 2007) and more value-led approaches that permit 
advocacy (Chan 2008) and benefit practical conservation 
decision-making (Barry & Oelschlaeger 1996). Evidence-based 
conservation science can achieve a balance between objectivity 
and relevance to real world conservation management. A 
unifying element of conservation practice is intervening with the 
goal of preserving the content and/or functionality of the natural 
world without undesirable negative consequences (Fisher et al. 
2009a). Evidence-based conservation research can determine 
the effectiveness of specific interventions at achieving stated 
objectives (Pullin & Knight 2001, Sutherland et al. 2004, 2012). 
The premise of evidence-based conservation is to increase 
understanding of the consequences of interventions to inform 
future decision-making via the synthesis of varied information 
sources (Haddaway & Pullin 2013). Ongoing aggregation and 
dissemination of such evidence has potential to enhance 
knowledge exchange and establish a scientific basis for 
conservation action (Pullin & Knight 2001, Sutherland et al. 
2004). In the absence of an evidence-based approach to 
conservation practice, the natural world is subjected to well-
meaning but potentially damaging experiments that are 
impossible to replicate and cannot appropriately inform future 
action (Pullin & Knight 2009, Haddaway & Pullin 2013). 
The Conservation Evidence initiative at the University of 
Cambridge launched in 2004 with the aim of determining the 
effectiveness of global conservation interventions, and 
providing an open access journal for the publication of such 
studies (Sutherland et al. 2012). A synopsis of conservation 
evidence for amphibians was published in 2014, which includes 
417 studies that provide evidence for one or more interventions, 
and is the first attempt to gather global evidence studies for this 
taxon (Smith & Sutherland 2014). Evidence has so far been 
collated across 129 amphibian conservation interventions, 
permitting 98 of them to undergo an expert assessment of their 
effectiveness and side-effects (Smith et al. 2015). 
This special issue is a timely contribution to boosting the 
amount of available conservation evidence for amphibians. The 
five studies across three continents that follow offer excellent 
case-studies, discussing a range of approaches to amphibian 
conservation, from captive rearing and reintroduction to 
invasive species control and legal site protection. López-Torres 
et al. (2015) document the relocation of 403 cave dwelling frogs 
(Eleutherodactylus cooki) in Puerto Rico to both natural and 
artificially constructed habitats. The beneficial role of captive 
facilities in supporting amphibian conservation is highlighted by 
Stiles et al. (2015), who report on a head-starting initiative for 
crawfish frogs (Lithobates areolatus) in the USA. This project 
reintroduced over 10,000 tadpoles during a three-year period, 
with survivorship to metamorphosis of captive-reared tadpoles 
vastly exceeding that of wild tadpoles. Two studies in this issue 
examine how active management of invasive or dominant 
species can successfully boost amphibian populations. Bruni et 
al. (2015) show that the exclusion of non-native crayfish from  
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Figure 1. Annual rate of production of conservation evidence studies for amphibians collated in the Amphibian Synopsis: 
“Amphibian Conservation: Evidence for the effects of interventions” (Smith & Sutherland 2014). 
 
newly constructed ponds in Italy allowed native amphibians, 
particularly newts, to thrive and reproduce. However, these 
amphibian communities collapsed following the introduction 
non-native crayfish and other invasive species. Similarly de 
Villiers et al. (2015) show that removal of African clawed frogs 
(Xenopus laevis) from ponds allowed endangered Cape platanna 
(Xenopus gilli) populations to increase. Interestingly, the role of 
protected areas in conserving amphibians is brought into 
question by Fog & Wederkinch (2015), who show that although 
protection of ponds may have delayed extinction of fire-bellied 
toad (Bombina bombina) populations in Denmark, ponds 
protected in isolation and with insufficient active management 
performed no better than those in unprotected areas. However 
ponds protected as part of a larger area did show improved 
persistence of Bombina. Together these five studies illustrate the 
varied and flexible approaches to amphibian conservation that 
are currently being conducted, informing attempts to mitgate 
declines around the world. 
Conservation Evidence has received very few amphibian 
studies to date (Spooner et al. 2015), although the overall 
amount of amphibian evidence is increasing (Figure 1). We hope 
that the studies included here will inspire the production and 
dissemination of significantly more conservation evidence for 
amphibians. We urge you to share your experiences through 
research that tests the effectiveness of interventions in diverse 
contexts, including actions related to threat mitigation, species 
management, and human behaviour change through education 
and engagement. The strongest evidence comes from 
randomised, replicated, controlled trials with paired sites and 
before and after monitoring (Smith & Sutherland 2014). 
We strongly encourage publications describing both 
successful and unsuccessful measures since all additional 
information can help inform future conservation efforts. 
Through working together, sharing experiences, learning from 
successes and failures, and embracing a culture of evidence-
based practice, we can help amphibian conservation to flourish 
in the future. 
REFERENCES 
 
Adams M. (1999) Correlated factors in amphibian decline: 
exotic species and habitat change in western Washington. 
The Journal of Wildlife Management, 63, 1162–1171. 
Alroy J. (2015) Current extinction rates of reptiles and 
amphibians. Proceedings of the National Academy of 
Sciences, 112, 13003–13008. 
Araújo M.B., Thuiller W. & Pearson R.G. (2006) Climate 
warming and the decline of amphibians and reptiles in 
Europe. Journal of Biogeography, 33, 1712–1728. 
ASG (2015) IUCN SSC Amphibian Specialist Group. 
www.amphibians.org/asg/  
Barry D. & Oelschlaeger M. (1996) A science for survival: 
values and conservation biology. Conservation Biology, 
10, 904–920. 
Bergeron C.M., Bodinof C.M., Unrine J.M. & Hopkins W.A. 
(2010) Mercury accumulation along a contamination 
gradient and nondestructive indices of bioaccumulation in 
amphibians. Environmental Toxicology and Chemistry, 29, 
980–988. 
Bishop P., Angulo A., Lewis J., Moore R., Rabb G. & Garcia 
Moreno J. (2012) The Amphibian Extinction Crisis - what 
will it take to put the action into the Amphibian 
Conservation Action Plan? SAPIENS, 5, 97–111. 
Bland L.M., Collen B., Orme C.D.L. & Bielby J. (2014) 
Predicting the conservation status of data-deficient species. 
Conservation Biology, 29, 250–259. 
Blaustein, A. R., and D. B. Wake. 1990. Declining Amphibian 
populations: A Global Phenomenon? Trends in Ecology & 
Evolution 5:203–204. 
Blaustein A.R., Wake D.B. & Sousa W.P. (1994) Amphibian 
Declines: Judging Stability, Persistence and Susceptibility 
of Populations to Local and Global Extinctions. 
Conservation Biology 8, 60–71. 
Blaustein A.R., Walls S.C., Bancroft B.A., Lawler J.J., Searle 
C.L. & Gervasi S.S. (2010) Direct and indirect effects of 
H.M.R. Meredith, C. Van Buren & R.E. Antwis/ Conservation Evidence (2016) 13, 1-6 
4 
ISSN 1758-2067 
climate change on amphibian populations. Diversity 2, 
281–313. 
Boone M., Cowman D., Davidson C., Hayes T., Hopkins W., 
Relyea R., Schiesari L. & Semlitsch R. (2007) Evaluating 
the role of environmental contamination in amphibian 
population declines. Pages 32–35 in: C. Gascon, J.P. 
Collins, R.D. Moore, D.R. Church, J.E. Mckay & J.R. 
Mendelson III (eds) Amphibian Conservation Action Plan. 
IUCN/SSC Amphibian Specialist Group. Gland, 
Switzerland and Cambridge, UK. 
Bosch J., Carrascal L. M., Duran L., Walker S. & Fisher M. C. 
(2007) Climate change and outbreaks of amphibian 
chytridiomycosis in a montane area of Central Spain; is 
there a link? Proceedings of the Royal Society B: Biological 
Sciences, 274, 253–260. 
Bruni G., Ricciardi G. & Vannini A. (2016) Effectiveness of 
artificial amphibian breeding sites against non-native 
species in a public protected area in Tuscany, Italy. 
Conservation Evidence, 13, 12-16. 
Burggren W. W. & Warburton S. (2007) Amphibians as Animal 
Models for Laboratory Research in Physiology. ILAR 
Journal, 48, 260–269. 
Carpenter A. I., Dublin H., Lau M., Syed G., McKay J. E. & 
Moore R. D. (2007) Over-harvesting. Pages 16–18 in: C. 
Gascon, J. P. Collins, R. D. Moore, D. R. Church, J. E. 
Mckay & J. R. Mendelson III (eds) Amphibian 
Conservation Action Plan. IUCN/SSC Amphibian 
Specialist Group, Gland, Switzerland and Cambridge, UK. 
Catenazzi, A. (2015) State of the World’s Amphibians. Annual 
Review of Environment and Resources, 40, 91–119. 
Chan K. M. A. (2008) Value and advocacy in conservation 
biology: Crisis discipline or discipline in crisis? 
Conservation Biology, 22, 1–3. 
Cunningham A. A., Turvey S. T., Zhou F., Meredith H. M. R., 
Guan W., Liu X., Sun C., Wang Z. & Wu M. (2015) 
Development of the Chinese giant salamander Andrias 
davidianus farming industry in Shaanxi Province, China: 
conservation threats and opportunities. Oryx, 1–9. 
Daszak P., Berger L., Cunningham A. A., Hyatt A. D., Green D. 
E. & Speare R. (1999) Emerging Infectious Diseases and 
Amphibian Population Declines. Emerging Infectious 
Diseases 5, 735–748. 
Daszak P., Cunningham A. A. & Hyatt A. D. (2000) Emerging 
infectious diseases of wildlife--threats to biodiversity and 
human health. Science, 287, 443–449. 
de Villiers F. A., de Kock M. & Measey G. J. (2016) Controlling 
the African clawed frog Xenopus laevis to conserve the 
Cape platanna Xenopus gilli in South Africa. Conservation 
Evidence, 13, 17. 
Dodd C. & Smith L. (2003) Habitat destruction and alteration: 
historical trends and future prospects for amphibians. Pages 
94–112 in: R. Semlitsch (ed) Amphibian conservation. 
Smithsonian Institution, Washington D.C. 
Dunson W. A., Wyman R. L. & Corbett E. S. (1992) A 
Symposium on Amphibian Declines and Habitat 
Acidification. Journal of Herpetology, 26, 349–352. 
Fisher B., Bolt K., Bradbury R., Gardner T., Green J., Hole D. 
& Naidoo R. (2009a) Two Cultures of Conservation. 
Conservation Biology, 23, 1069–1071. 
Fisher, M. C., Garner T. W. J. & Walker S. F. (2009b) Global 
emergence of Batrachochytrium dendrobatidis and 
amphibian chytridiomycosis in space, time, and host. 
Annual Review of Microbiology, 63, 291–310. 
Fog K. & Wederkinch E. (2016) Legal site protection as a means 
of conserving ponds with fire-bellied toads (Bombina 
bombina) in Denmark. Conservation Evidence, 13, 18-20. 
Gallant A. L., Klaver R. W., Casper G. S. & Lannoo M. J. (2007) 
Global Rates of Habitat Loss and Implications for 
Amphibian Conservation. Copeia, 4, 967–979. 
Gardner T. A., Barlow J. & Peres C. A. (2007) Paradox, 
presumption and pitfalls in conservation biology: The 
importance of habitat change for amphibians and reptiles. 
Biological Conservation, 138, 166–179. 
Gascon C., Collins J. P., Moore R. D., Church D. R., Mckay J. 
E. & Mendelson III J. R. (2007) Amphibian Conservation 
Action Plan. IUCN/SSC Amphibian Specialist Group. 
IUCN/SSC Amphibian Specialist Group. Gland, 
Switzerland and Cambridge, UK. 
Giam X., Scheffers B. R., Sodhi N. S., Wilcove D. S., Ceballos 
G. & Ehrlich P. R. (2012) Reservoirs of richness: Least 
disturbed tropical forests are centres of undescribed species 
diversity. Proceedings of the Royal Society B: Biological 
Sciences, 279, 67–76. 
Gomes A., Giri B., Saha A., Mishra R., Dasgupta S. C., Debnath 
A. & Gomes A. (2007) Bioactive molecules from 
amphibian skin: Their biological activities with reference 
to therapeutic potentials for possible drug development. 
Indian Journal of Experimental Biology, 45, 579–593. 
Gray M. J., Miller D. L. & Hoverman J. T. (2009) Ecology and 
pathology of amphibian ranaviruses. Diseases of Aquatic 
Organisms, 87, 243–266. 
Haddaway N. & Pullin A. S. (2013) Evidence-based 
conservation and evidence-informed policy: a response to 
Adams & Sandbrook. Oryx, 47, 336–338. 
Hayes T. B., Collins A., Lee M., Mendoza M., Noriega N., 
Stuart A. A. & Vonk A. (2002) Hermaphroditic, 
demasculinized frogs after exposure to the herbicide 
atrazine at low ecologically relevant doses. Proceedings of 
the National Academy of Sciences of the United States of 
America, 99, 5476–5480. 
Hocking D. & Babbitt K. (2014) Amphibian Contributions To 
Ecosystem Services. Herpetological Conservation and 
Biology, 9, 1–17. 
Hof, C., Araújo M. B., Jetz W. & Rahbek C. (2011) Additive 
threats from pathogens, climate and land-use change for 
global amphibian diversity. Nature 480, 516–519.  
Hoffmann M. et al. (2010) The impact of conservation on the 
status of the world’s vertebrates. Science, 330, 1503–9. 
Hopkins W. A. (2007) Amphibians as models for studying 
environmental change. ILAR Journal, 48, 270–277. 
Houlahan J. E., Findlay C. S., Schmidt B. R., Meyer A. H. & 
Kuzmin S. L. (2000) Quantitative evidence for global 
amphibian population declines. Nature, 404, 752–5. 
IPCC (2007) Climate Change 2007: Impacts, Adaptation and 
Vulnerability. Contribution of Working Group II to the 
Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change. Cambridge University Press, 
Cambridge, UK. 
IUCN (2014) The IUCN Red List of Threatened Species. 
Version 2014.2. www.iucnredlist.org 
Kerby, J. L., K. L. Richards-Hrdlicka, A. Storfer, and D. K. 
Skelly. 2010. An examination of amphibian sensitivity to 
environmental contaminants: Are amphibians poor 
canaries? Ecology Letters 13:60–67. 
Kilpatrick A. M., Briggs C. J. & Daszak P. (2010) The ecology 
and impact of chytridiomycosis: an emerging disease of 
amphibians. Trends in Ecology and Evolution, 25, 109–18. 
H.M.R. Meredith, C. Van Buren & R.E. Antwis/ Conservation Evidence (2016) 13, 1-6 
5 
ISSN 1758-2067 
Lackey R. T. (2007) Science, scientists, and policy advocacy. 
Conservation Biology, 21, 12–17. 
Lawler J. J., Shafer S. L., Bancroft B. A. & Blaustein A. R. 
(2010) Projected climate impacts for the amphibians of the 
Western hemisphere. Conservation Biology, 24, 38–50. 
Lazarus L. H. & Attila M. (1993) The toad, ugly and venomous, 
wears yet a precious jewel in his skin. Progress in 
Neurobiology, 41, 473–507. 
Lips K. R., Brem F., Brenes R., Reeve J. D., Alford R. A, Voyles 
J., Carey C., Livo L., Pessier A. P. & Collins J. P. (2006) 
Emerging infectious disease and the loss of biodiversity in 
a Neotropical amphibian community. Proceedings of the 
National Academy of Sciences of the United States of 
America, 103, 3165–3170. 
López-Torres A. L., Rodríguez-Gómez C.A., Salguero-Faría, 
J.A. (2016) Relocation efforts of the Puerto Rican cave 
dwelling frog Eleutherodactylus cooki into natural and 
artificial habitats. Conservation Evidence, 13, 6. 
Martel A., Ppitzen-van der Slulis A., Blooi M., Bert W., 
Ducatelle R., Fisher M.C., Woeltjes A., Bosman W., Chiers 
K., Bossuyt F. & Pasmans F. (2013) Batrachochytrium 
salamandrivorans sp. nov. causes chytridiomicosis in 
amphibians. Proceedings of the National Academy of 
Sciences of the United States of America, 110, 15325–
15329. 
McCallum, M. L. (2007) Amphibian Decline or Extinction? 
Current Declines Dwarf Background Extinction Rate. 
Journal of Herpetology, 41, 483–491. 
McMahon, T. A., Halstead N. T., Johnson S., Raffel T. R., 
Romansic J. M., Crumrine P. W. & Rohr J. R. (2012) 
Fungicide-induced declines of freshwater biodiversity 
modify ecosystem functions and services. Ecology Letters, 
15, 714–722. 
Mendelson III J. et al. 2007. Captive programs. Pages 36–37 in 
C. Gascon, J. P. Collins, R. D. Moore, D. R. Church, J. E. 
Mckay & J. R. Mendelson III (eds) Amphibian 
Conservation Action Plan. IUCN/SSC Amphibian 
Specialist Group, Gland, Switzerland and Cambridge, UK. 
Mendelson III J. R. et al. (2006) Confronting Amphibian 
Declines and Extinctions. Science, 313, 48. 
Moore R. D. & Church D. R. (2008). Implementing the 
Amphibian Conservation Action Plan. International Zoo 
Yearbook, 42, 15–23. 
Pounds J. A. et al. (2006) Widespread amphibian extinctions 
from epidemic disease driven by global warming. Nature 
439, 161–7. 
Pullin A. S. & Knight T. M. (2001) Effectiveness in 
Conservation Practice: Pointers from Medicine and Public 
Health. Conservation Biology 15, 50–54. 
Pullin A. S. & Knight T. M. (2009) Doing more good than harm 
- Building an evidence-base for conservation and 
environmental management. Biological Conservation, 142, 
931–934. 
Rohr J. R. & Crumrine W. P. (2005) Effects of an Herbicide and 
an Insecticide on Pond. Ecological Applications, 15, 1135–
1147. 
Rohr J. R., Raffel T. R., Romansic J. M., McCallum H. & 
Hudson P. J. (2008) Evaluating the links between climate, 
disease spread, and amphibian declines. Proceedings of the 
National Academy of Sciences of the United States of 
America, 105, 17436–17441. 
Rouse J. D., Bishop C. A. & Struger J. (1999) Nitrogen 
pollution: An assessment of its threat to amphibian 
survival. Environmental Health Perspectives, 107, 799. 
Rowley J. et al. (2010) Impending conservation crisis for 
Southeast Asian amphibians. Biology Letters, 6, 336–338. 
Schloegel L. M., Hero J. M., Berger L., Speare R., McDonald 
K. & Daszak P. (2006) The decline of the sharp-snouted 
say frog (Taudactylus acutirostris): The first documented 
case of extinction by infection in a free-ranging wildlife 
species? EcoHealth, 3, 35–40. 
Sewell D. & Griffiths R. A. (2009) Can a Single Amphibian 
Species Be a Good Biodiversity Indicator? Diversity, 1, 
102–117. 
Smith R. K. & Sutherland W. J. (2014) Amphibian 
conservation: Global evidence for the effects of 
interventions. Exeter, Pelagic Publishing. 
Smith R. K., Meredith, H. & Sutherland W. J. (2015) Amphibian 
Conservation. Pages 9-66 in: W.J. Sutherland, L.V. Dicks, 
N. Ockendon & R.K. Smith (eds) What Works in 
Conservation, Open Book Publishers, Cambridge. 
Sodhi, N. S., Bickford D., Diesmos A. C., Lee T. M., Koh L. P., 
Brook B. W., Sekercioglu C. H. & Bradshaw C. J. A. 
(2008) Measuring the meltdown: drivers of global 
amphibian extinction and decline. PLoS ONE, 3, e1636. 
Spooner F., Smith R.K. & Sutherland W.J. (2015) Trends, biases 
and effectiveness in reported conservation interventions. 
Conservation Evidence 12, 2–7. 
Stiles R. M., Sieggreen M. J., Johnson R. A., Pratt K., Vassallo 
M., Andrus M., Perry M., Swan J. W. & Lannoo M.J. 
(2016) Captive-rearing state endangered crawfish frogs 
Lithobates areolatus from Indiana, USA. Conservation 
Evidence, 13, 7-11. 
Stuart S. N., Chanson J. S., Cox N. A., Young B. E., Rodrigues 
A. S. L., Fischman D. L. & Waller R. W. (2004) Status and 
trends of amphibian declines and extinctions worldwide. 
Science, 306, 1783–6. 
Sutherland, W. J. (2000) The conservation handbook: research, 
management and policy. Blackwell Scientific, Oxford. 
Sutherland W. J., Mitchell R. & Prior S.V. (2012) The role of 
“conservation evidence” in improving conservation 
management. Conservation Evidence, 9, 1–2. 
Sutherland W. J., Pullin A. S., Dolman P. M. & Knight T. M. 
(2004) The need for evidence-based conservation. Trends 
in Ecology & Evolution, 19, 305–8. 
Vredenburg V. T., Knapp R. A., Tunstall T. S. & Briggs C. J. 
(2010) Dynamics of an emerging disease drive large-scale 
amphibian population extinctions. Proceedings of the 
National Academy of Sciences of the United States of 
America, 107, 9689–9694. 
Wake D. B. & VredenburgV. T. (2008) Are we in the midst of 
the sixth mass extinction? A view from the world of 
amphibians. Proceedings of the National Academy of 
Sciences of the United States of America, 105, 11466–
11473. 
Warkentin I. G., Bickford D., Sodhi N. S. & Bradshaw C. J. A. 
(2009) Eating frogs to extinction. Conservation Biology 23, 
1056–1059. 
Whiles M. R. et al. (2006) The Effects of Amphibian Population 
Declines on the Structure and Function of Neotropical 
Stream Ecosystems. Frontiers in Ecology & the 
Environment, 4, 27–34. 
Conservation Evidence is an open access online journal devoted to publishing the evidence on the effectiveness of management interventions. The other 
papers from Conservation Evidence are available from www.ConservationEvidence.com. The pdf is free to circulate or add to other websites and is licensed 
under the Creative Commons Attribution 4.0 International License http://creativecommons.org/licenses/by/4.0/. 
